Ovaries from slaughtered cows are the most abundant source of preantral immature follicles for in vitro studies including maturation and in vitro fertilization. Integrity of immature follicles may be compromised by inadequate management during the collection and transport of the gonads, limiting the success of a correct evaluation. This study assessed the effect of aseptic and transport of bovine ovaries on the structural and ultrastructural integrity of immature follicles from the ovarian cortex. Ovaries from 20 different crossbred cows (Bos taurus × B. indicus) were randomly assigned to one of two aseptic and transport treatments: (1) the ovaries were washed once with 70 % ethanol for 10 s, rinsed twice with normal saline solution (OH + NSS), and then transported in NSS + 0.05 % gentamicin sulphate; or (2) the ovaries were washed three times with phosphate buffered saline (PBS) and transported in PBS + 0.05 % gentamicin sulphate. Samples of the ovarian cortex were obtained from each treatment group. Half of samples of each treatment was processed for histologic evaluation of follicular morphology and developmental stage using haematoxylin & eosin, and the other half was processed to analyse the ultrastructure of immature follicles using transmission electronic microscopy. The rates of good-quality follicles were 36.95 % and 88.6 % for OH + NSS and PBS, respectively. Histological analysis showed higher number of abnormal follicles in OH + NSS than in PBS treated ovaries (F 1,12 = 99.64, P = 0.0001). The proportions of morphological alterations were not significantly different between treatments (χ 2 1,7 = 7.72, P = 0.358). The ultrastructure of immature follicles from OH + NSS ovaries showed cell damage, revealed by abundant cell detritus around both, the oocyte and follicular cells. However, the presence of alterations was barely evident in both the cytoplasm and the nucleus of the granulosa cells.
Introduction
The preantral ovarian follicle is a defined developmental unit consisting of a single oocyte surrounded by layers of somatic granulosa cells enveloped by a basal membrane. During postnatal life, most oocytes are as quiescent primordial follicles within a single layer of a few "flat" squamous, nonproliferating granulosa cells. 1 Upon growth activation, the granulosa cells switch to a cuboidal morphology and begin to proliferate while the oocyte initiates the growth phase (primary follicles). Follicle development consists of continued proliferation and differentiation of the granulosa layers, acquisition of an additional cell layer outside the basement membrane (termed the theca), and continued oocyte growth (secondary or preantral follicle). 2 In the past decade, great emphasis has been placed on the population of preantral immature follicles present in the ovarian cortex, which constitutes an abundant reserve and represents an alternative for the development of cell cultures, 3 in situ transplants 4 and cryopreservation, 5, 6 in addition to preserving steroidogenic functions of the ovarian cortex. 7 During ovary collection from cows at the slaughterhouse, the possible effect of the aseptic process on the delicate integrity of preantral immature follicles found at the edge of the ovarian cortex is not usually considered. Various studies assumed that the drastic reduction in the number of bacteria in the ovaries achieved with 70 % ethanol during ovary collection is sufficient to obtain ideal ovarian tissue samples for culture or cryopreservation. 8, 9, 10 However, ethanol has the ability to trigger oxidative stress at the cytoplasmic membrane in liver and kidney tissue. 11 Such stress results from the inability of the antioxidant defenses to combine with the oxygen reactive species through the electron transport chain in the mitochondria, and though this alcohol toxicity-mediated mechanism is complex, it promotes the transition of the mitochondrial permeability, leading to apoptosis. 11, 12, 13 Replication of the aseptic and transport procedures for ovaries used by several researchers 8, 9, [14] [15] [16] [17] showed great variations in the integrity of preantral immature follicles, including non-treated follicles. It remains unclear whether the observed variations could be associated with the aseptic process of ovarian collection and transport to the laboratory. Therefore, the aim of this study was to evaluate the effect of the aseptic process after the collection and transport of bovine ovaries on the structural and ultrastructural integrity of preantral immature follicles from the ovarian cortex.
Material and methods

Samples preparation
Ovaries (n = 20) from crossbred female cattle (Bos taurus × B. indicus; 3-5 years old) were collected immediately after slaughter at a local abattoir. Ovaries were assigned to one of the following treatments: (1) the ovaries (n = 10) were washed once with 70 % ethanol for 10 s (J.T. Baker®, MEX), rinsed twice with normal saline solution (OH + NSS; PISA®, MEX), and then placed in a transport medium based on NSS + 0.05 % gentamicin sulphate (Gentalex®Fuerte, PISA, MEX); or (2) the ovaries (n = 10) were washed three times with phosphate buffered saline (PBS; Bioniche®, USA), and transported in a medium containing PBS + 0.05 % gentamicin sulphate.
The ovaries were transported to the laboratory in sealed containers at 4 °C within 1-3 h after collection. At the laboratory, each ovary was immediately placed in a sterile Petri dish (Falcon® 100 × 15 mm) containing modified human tubal fluid medium (HTF HEPES®; In Vitro Care®; USA), supplemented with foetal bovine serum (FBS; BioWest®; USA). With the aid of dissection tweezers and a scalpel blade (Num. 12), each ovary was divided to obtain six small cortex samples (2 mm × 1 mm × 1 cm). Three samples of cortex from each ovary were fixed in buffered formalin, embedded in paraffin squares, cut at 7 µm and stained with hematoxylin & eosin (H&E) to evaluate the follicular morphology and development stage under a light microscope (B150DB-R, Optika®, Italia). The follicles were classified as primordial (a single layer of flat cells surrounding the oocyte), primary (a single layer of cuboidal granulosa cells), or secondary (two or more layers of cuboidal granulosa cells surrounding the oocyte). 18 Based on their morphology, the follicles were also classified as normal or atretic, according to the presence or absence of pyknotic nucleus, oocyte retraction, and/or disorganization of the granulosa cells and separation from the basal membrane. 19 The remaining three samples of ovarian cortex from each ovary were used to conduct a more detailed evaluation through an ultrastructural analysis of the immature follicles. The tissue fragments were fixed in Karnovsky solution (2 % paraformaldehyde and 2.5 % glutaraldehyde in 0.1 M sodium cacodylate buffer pH 7.2) for 24 h at 4 °C. After fixation, the tissue fragments were washed in 0.1 M sodium cacodylate buffer and mechanically isolated with a scalpel due to the non-homogeneous degree of follicular density and distribution in the ovarian tissue, which affects interpretation. 20, 21 Then, the tissue fragments were post-fixated in 1 % osmium tetroxide in Zetterqvist buffer for 1 h. Subsequently, the samples were dehydrated in gradually doses of ethanol (50, 70, 80, 90 and 100 %) for 15 min each one, moved to acetonitrile for 20 min, and then embedded in proportions 1:1, 2:1 of EPON 812 resin:acetonitrile, for 1 h each, and finally in only EPON 812 resin for 24 h. The semi-fine cuts (1-2 µm) were stained with toluidine blue. The fine cuts (60-70 nm) were contrasted with uranyl acetate and lead citrate and examined by transmission electron microscopy (Jeol JEM 100C). 22 
Statistical analysis
The follicles in different development stages with normal morphology in each treatment group were counted and expressed as a percentage ± one standard deviation (SD). Data were analysed by ANOVA and the Tukey's test to determine the differences between treatments. The main morphological abnormalities observed (categorical variables) by light microscopy are presented as a percentage, and the data were analysed using χ 2 to determine the homogeneity of proportions. For all the tests, Statistica v. 10.0 software was used and values of P < 0.05 were considered statistically significant.
Results and discussion
Histological analysis
In total, 626 immature follicles were evaluated. The overall percentages of follicles in the primordial, primary and secondary development stages were 71.4 %, 21.0 %, Ultrastructure of bovine preantral follicles
Original Research and 7.6 %, respectively. The percentage of high quality follicles (classified as normal follicles) obtained from the PBS and OH + NSS treated groups, was 88.6 % and 36.9 %, respectively. The histological results between the PBS and OH + NSS treatments showed differences in the number of normal follicles in the evaluated samples of ovarian cortex ( Figure 1) , with a higher number and quality in those treated with PBS (F 1,12 = 99.64, P = 0.0001). Statistical analysis also showed differences between development stages within each of the treatments groups (F 2,12 = 262.67, P = 0.0001; Table 1 ). Light microscopy was used to evaluate atretic abnormalities in the ovarian tissue samples from each treatment group, and the proportion of alterations to immature follicles was not different between the two treatments (χ 2 1,7 = 7.72, P = 0.358; Table 2 ).
Ultrastructural analysis
The semi-fine cuts stained with toluidine blue revealed diverse structural alterations among the follicles of each treatment group (10 follicles for treatment; Figure 2 ). Ultrastructural evaluation confirmed that the oocytes from immature follicles present in the samples of the ovarian cortex treated with OH + NSS were completely damaged, as only detritus and a high number of vesicles in the space that corresponds to the immature follicle was observed ( Figures 3A-3E) . However, at least 64 % of granulosa cells within the ten analysed follicles retained their integrity ( Figures  3E-3F ). This result suggests that granulosa cells may have unique characteristics rendering them more resistant to the effects of dehydration and oxidative stress induced by the alcohol applied during the asepsis process. A large amount of lipid droplets surrounded by polysaccharides was present in all the observed granulosa cells (Figures 3D-3F) . Likewise, abundant mitochondria with well delimited cristae were evenly distributed throughout the cytoplasm of the granulosa cells ( Figures 3D-3F ). Other abundant cytoplasmic organelles were the rough and smooth endoplasmic reticulum and the ribosomes. The nuclei of the granulosa cells were pleomorphic and showed abundant heterochromatin and euchromatin, and this level of evaluation did not reveal significant damage. Consequently, the tight union of the granulosa cells membranes was also observed ( Figure 3F) .
On the other hand, the evaluation of the immature follicles present in the cortex of ovaries treated with PBS confirmed that those follicles were not affected compared with those treated with OH + NSS. The ultrastructure of the immature follicles revealed basal membranes formed by a basal lamina and collagen fibers which provide support and firmness to the follicle within the ovary (Figures 4A and  4B) . The nuclei of the granulosa cells of the primary and secondary follicles were mostly pleomorphic and had abundant heterochromatin. The cytoplasmic organelles, such as the mitochondria, Golgi apparatus, smooth and rough endoplasmic reticulum, and lysosomes were distributed throughout the cytoplasm and had a normal appearance. Occasional small vesicles with lipids inside were also found in the cytoplasm ( Figure 4A ).
In the oocytes from primary and secondary follicles, the Golgi apparatus was well developed and occupied a large part of the cytoplasm. The amount of smooth and rough endoplasmic reticulum was diminished and the presence of lipid droplets was scarce compared to the granulosa cells. The size, shape and ultrastructure Figure 1 . Images A, C, and E were observed in the samples of ovarian tissue corresponding to OH + NSS treatment; images B, D, and F correspond to PBS treatment. Good-quality primordial (A and B, viewed at 40X), primary (C and D, viewed at 40X), and secondary (E and F, viewed at 10X) immature follicles presents in the samples of bovine ovarian cortex.
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Original Research Table 1 . The percentage of normal bovine follicles at each stage of development obtained from ovaries retrieved from a slaughterhouse, using two aseptic methods during collection and transport to the laboratory. The proportions of morphological alterations between treatments did not show significant difference (χ 2 1,7 = 7.72, P = 0.3581).
Treatments during collection and transport of ovaries
Groups
Morphological alterations Treatment during collection and transport of the ovary % (number of observations/total) OH + NSS PBS
/ 13
Ultrastructure of bovine preantral follicles Original Research of the mitochondria in the oocyte differed greatly from those of the granulosa cells. Most of the mitochondrial groups in the oocytes were globular, with the presence of lipid droplets; the cristae remained in some of the mitochondria while others were just spherical with their double membranes intact. Areas in which mitochondrial groups in different morphological stages or in the process of globular formation were also evident ( Figures 4C and 4D) , while the typical mitochondria with oval or rounded rod-like shape, as seen in the granulosa cells, were not present. Importantly, no signs of autolysis or degenerative processes, such as those found in the immature follicles treated with OH + NSS, were found. Only the preantral follicles were evaluated because the objective of the study was to describe the quality of the follicles that are part of the quiescent pool in the ovarian cortex of female cattle. Proper functioning of the ovary is critical to maintain fertility and overall health, and ovarian function depends on the maintenance and normal development of ovarian follicles. The potential impact of oxidative stress induced for 70 % ethanol during ovary collection on the immature follicles was evident, and the comparison of the percentage of morphologically normal follicles obtained in this study using OH + NSS and PBS (36.9 % vs 88.6 %) revealed this degenerative process. Rodrigues et al. 17 reported a lower percentage of follicle normalcy with PBS treatment than that obtained in the present study (88.6 % vs 77 %). Similar results were reported when the percentages obtained in this study were compared with those from other studies using ethanol for ovary asepsis, of 75 %, 76 % and 68.1 %, respectively. 9, 15, 16 Alterations in morphology result from complex mechanisms that signal the start or degree of advancement of the atresia process at cellular level, and a wide variety of such alterations have been evaluated to demonstrate their correlation with the atresia signs at histological or ultrastructural level. 23, 24 Among histological variables, some that stand out are follicle crenation, the presence of vacuoles, organization of follicular cells around the immature oocyte, and nuclear integrity, all of which were found more frequently in this study. However, the number of morphological alterations increased in follicles treated with OH + NSS. Borges et al. 10 reported this type of alterations in sow atretic immature follicles treated with an aseptic protocol similar to the OH+NSS treatment in the present study. Even though the atresia signs can accumulate during folliculogenesis, the existence of incomplete development of the metabolic functions, mainly in the immature oocyte mitochondria, has been reported. 24 This prevents the oocyte from adequately dealing with the damage caused by the oxygen reactive species induced by ethanol at the ultrastructural level during asepsis. Additionally, damage becomes more evident with the acceleration of the atresia process. 23 Evaluation at ultrastructural level confirmed the damage caused by ethanol included in the OH + NSS treatment for ovary asepsis, mainly in both primary and secondary oocytes from immature follicles, in which only detritus and a great number of vesicles with organelles remains were observed. The combination of all these signs of degenerative changes indicates the occurrence of progressive atresia 23 at the immature oocyte level, unlike the immature follicles treated with PBS, which had no signs of atresia. One study showed that oocyte degeneration is the type of atresia more frequently observed in preantral follicles of this kind. 25 Nonetheless, in the granulosa cells of most of the follicles treated with OH + NSS no signs of atresia were observed. This observation agrees with other studies 10, 25 reporting that in Original Research some preantral follicles, oocyte can degenerate or disappear completely, while the granulosa cells remain healthy and even continue to proliferate, indicating that the oocyte is more susceptible to degeneration than its own granulosa cells.
Conclusions
The present study demonstrates that 70 % ethanol should not be used as an aseptic during ovary collection when the aim is to obtain and evaluate immature follicle stages. These results clearly show that the oocytes present in immature follicles undergo complete alteration. The use of buffer solutions, such as PBS, is recommended for aseptic collection and transport of ovaries to the laboratory. This will guarantee the integrity of immature follicles that can be used to conduct studies to evaluate the efficiency of the development and viability of immature follicles found in bovine ovarian cortical tissue with or without cryopreservation under laboratory conditions.
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